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A fully programmable, graphics microprocessor is disclosed which is designed to be embodied in a removable 
external memory unit for connection with a host information processing system. In an exemplary embodiment, 
a video game system is described including a host video game system and a pluggable video game cartridge 
housing the graphics microprocessor. The game cartridge also includes a read-only program memory (ROM) 
and a random-access memory (RAM). The graphics coprocessor operates in conjunction with a three bus 
architecture embodied on the game cartridge. The graphics processor using this bus architecture may execute 
programs from either the program ROM, external RAM or its own internal cache RAM. The fully user 
programmable graphics coprocessor has an instruction set which is designed to efficiently implement 
arithmetic operations associated with 3-D graphics and, for example, includes special instructions executed by 
dedicated hardware for plotting individual pixels in the host video game system's character mapped display 
which, from the programmer's point of view, creates a "virtual" bit map by permitting the addressing of 
individual pixels - even though the host system is character based. The graphics coprocessor interacts with 
the host coprocessor such that the graphics coprocessor's 1 6 general registers are accessible to the host 
processor at all times. 
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•^M#Mrft#,.##M#«ir«M4z A«. TBfttt** 

B6i*-*JMMIrtMA.ALU. 

Mario #»• 2 * *&£*M*ftm*&&ft 3 -D 

V, Mario 2 52, 

***** Super NES Jf*/g MK>*^ir*ftA|r*ib. *T 
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8**tt**f ti##& RAM t*4^#f *tt*ft**ft#, 
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RAM 80 * Super NES«t#^ft*^HW Super 
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RAM £*|*88£*|. RAM 84 *> 86 £ & 

RAM 6,RAM 8 I RAM 6, RAM 8 ##Hi£3!| @ ft 

Z Gift?*** 76 * ttff £ RAM 

£«* 88 90 RAM ^kft. RAM 88 

*M 90 t #&£L& RAM A RAM 6.RAM 8 

£ &.RAM &UB 88 2* ft * Super NES HA *ff # 

#^#52-£tf£&&ft|KREADPIXEL)#4^ t*** 

±$L±}Lto%*mtLft&> B Z fP%di£ 87 

76 +fc«J«## + . #^^ffl7,8A^8B^ 
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62 *P ALU 60 Aft 
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* Mario *# 2 *ff **+TKA*f| 1 + ROM 10 

* M " io ********«#«RAM94#J|. + 
RAM6,RAM 8 ft* . * #JE A ROM 10 *ff «*. ROM *«* 
104<#f. 9 4B Mario in. 

RAM 94 + , M#4-A» 

*± CPU (V Super NES>ft«a;*ft«* ROM 10 

il* Mario Super NES ^ ^ _ 

Mario «#a*ft4* ROM 10 
*«# Mario ■*^..**«f##«2«* £ ^ #ft#4 . 4>T _ ? ■ 

*#4-.'.*#**#4-»«*im»»-f»*# 60, 

+*ff 7**?#*± w*#*s«#**ta.# # 60 + 

**/*<k*4 ALU S2^«^#^«| 
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lUfltffc*), DREG (fcfc*)=Sreg»R6 

jfr* l,*f R4C0-15]=SREG[0...7 ] « R60» 

7] 

#*2iX###*. R4[0».15]=R4(>-.15]+256*SREG[8 
-15].R6C0...7]. ***aftft 8 fc, 

jfr*3,X f R5C0-15]-CY+<R6[8...15]»SREG[0 

R4[0».15]=R4[0...15]H-256 * SREGCO-7] • R6[8 
-15]. *tf###fc8#, £*f 

5, Y .R5[0...15]=R5[0».15]+CY+SREGC0 
-7]+R6[8-15])+256i*i±#^ . 

6, X,Y f ^#-^,R5[0-15]=R5[0-15]+RY[8-15] 
«R6[8—15] : . 

A********* 64 

#J&ffi 4B, &&&&#£fc|&tt(£ S 14 f *$-*i**Ef 

#£A#fc*£#RAM 94.*#-jM**#(GACHE)'***fl 
■f*B**at*tJt±flif^«^##. Mario 
"CACHED*. CACHE ft+ftgftff 

M#RAM,i4AMft#RAM»«j|rjb. £&#CACHE# 
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**! ?! f # RAM 512 ****♦*»*«#«. it 

-*# 94 <*R4 tftt H Bftf ROM * RAM 

m PL ? T * 4<# * TSf * W)# **^^RAM6,RAM 8 

ROM t*ft«*. it** Mario * ft 4 ** i)-*^ 
ROM ft RAM B. 

ft ROM 

ram 94 mtmtnm s *, <stt*#*^ R oM 

~ A CACHE 

t512*f. **e^*-**rtftfU^«**AROMlO 
^ftlpft* ram sf^JlROM 10. 
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cache 8±m*%M£i£fttxm*M$itrw. RJk* 

* 512 94, t^^iE^ifeX^.-X^itt 

512 *$jk&m&# 9*mMM?$mMik rom xo^n. & 

72 ^ftit&# RAM 94+X£$fc£ft&# 4 # 
fr#$. ^«^«##^^ < t^ Mario ^A^^Jfe^|^^-ig^ 
#4£*£fc,JUMfc RAM &frW*;IAa# ROM 

10 *fir. 68 < Super NES £ Super NES 

HA «£J!fc*jMM!6;tA**ft# RAM 94 #fr##. 
A**«#*.1(J.# 68 if g/Ht*t&&&PC 

A ROM 10*dS**U!ft#fr&*ft, Mario 
*T**A*RAM 6;RAM 8 ft**.** #4 tffcXg Mario 

AJ»J RAM 6.RAM 8, RAM 88 t 6*/ 

ft RAM ? A **.*fT#H*#-.^-*#.*.*-6 , £ 

21*. *P#RAM '*A****tf«$ff**X#. 

w+*a. *4i*aiff ir-^ABf»-^*>kaMi£. 

FROM R8 i#R8#A(R13) 

SM (Ri3) 

SM (R14) i#R0#A(R14) 

TO Ri 
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FROM 

ADD 

TO 

FROM 
ADD 



R 2 
R3 
R4 
R5 
R6 



»&fTtrl=r2+r3 



l#.ff tr4==r5+r6 



:-******M#.+Z4aji#X7 . *-f RAM &£iEtf:-fi* 



FROM 

SM 

TO 

FROM 

ADD 

TO 

FROM 

ADD 

SM 



R8 

(R13) 
Rl 

R2, 
R3 
R4 
R5 . 
R6 

(R14) 



#R8 #A(R13) 



|&*T irt=r2+r3 



»&ft :r4=r5+r6 
»#R0#A(R14) 



&&##£T. *#-#flMH>$&# RAM %A$in#-%# 
76 .ft-*** 60 
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***** ***** 

*W#lR«»*lt«?»^ROM <RAM 

**T*^I;ir ******* R0M **a**o^ 

** 100 *± B 2 t##4fc 76 + J J J 

^?;il*'*' ? **** # *** 7 *****^' Mario 

*£ *************** 

* 102 A RAM 6.RAM 8 ** ft ' ' 

, JL* * #4i '* J+ * (GET B *** W KC «« A GET L 
<*«**>* .GET «****>♦«.#*. ###RW ^ 

in 



I *ff «**+***A*#«RU Jtll *. R 13 . ««« R13 
4Mf ft*ft. ####R12 JK#iR13 

78 # 7$ #4#««^iafl *## 

Ro-Ris «r#*. 

60 Ro-Ri 5 . 78 

tt*ftft**«*lBa«X*Y*ft. 

#*»«««78ftg«T,#iEj**##R0-R 1 5 / «.Z$»gft 

ROM 104 -rfi*** & Super NES HA j£* 

& Mario Mr**Jfe^*4fcJ|fx#*. ROM 104 

B 13 tX#***iB.. AROM io#*4irflrATailJlA«* 

# RAM 94 ROM 104 * RAM 

* 108 * Super NES Mario 

(*l 76 t RAM 6.RAM 8 t),5tS*##^r* 

Super NES CPU *#***#iRK^#ft#*, ft* 0 # 

*^^#*.iEA#f #*,3lliB#*^*ff(GO)»#*(l** 
Mario W 0 Mario ^>H*#jh^ff )»ROM £ 
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-ft S 4A * S 4B t »#*** * Mario & Super 

NES « JB , ft Mario -*«******frft*. 
g Super NES ff£ tf, #ft£ROM 10 t**«**9l*.- S«4 
, * Super NES Mario * 

**t£*iUiE. *«*M*-T»#JS*H**|USP 4,799,635 # 

Super NES CPU *-f ft*?**** 

# Super NES ±tt******{liEftMttjjljEajM*#* 

Mario -iff #&f-£*f#£. & it -Bjai, Super NES *T 
^3tRK*^lr^+-** ROM RAM #*. i Super 

NES -ffgftA Mario ^^^^SH^^^ffgg^il^^^^^^ 
tf, Super NES RAM Mario 

ft *fc f 5 Mario fta *** , ##0f£&tf ft Mario £ 

* ^^ih^A Mario £ * Mario &>}-#g 

Mario ^«JI#MttliM7n>Mt«-f SV««^ 

s fltf Mario 

fl*P. Super NES 128 ffi. K* 

Super Mario £ S ffi , ffl 

i Mario # # * J* 7 * Super NES #f i* £ # # & , tfftfr 
STOP %± , j* ± - + ft ft * Super NES ft* 91 Mario * 
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■ .*tffr-#.»« f Super NES £ 

ft. Super NES Mario *##tf*$fT*«. £ tB|7 £ 

Super NES Mario _h # RAM ROM 4 $ 

ft , Super NES **™&fr A^ffl 2 * **X#RAM 32 

&#, Super NES «£4Uft# ROM £ 

*lSlt#X#RAM , W* kMHtMrio 

ftft#4#ftir#Jlft*. 

* f- B 5 * ffl;fc* dJ Mario A ROM 

* ft* ft ft ^ « & ± CPU (fl jfi Super NES CPU) JJf 
& Mario(RUN MARIO)-*******. * ffl 5 ft£ 

**ffa#-***ft*a*Aa* rom 10 jtm^i^-f @g 2 + 

#X# RAM 32 * Super NES CPU &f? . # i * Mario & # 
$*T*##, IfciiCPU ftfritflfr**. 

*>;$r#125|f*, £&fr± CPU fltf** RUN MARIO tf, 
f Super NES * ft*****. £ ##<b 

***W. $*#**&** ROM 10 jL*J|± CPU #X# 
RAM 32 t. 

*P#* 127 |f#, Mario **<ft*|# ROM 

*ft4#*Kf *£l*4&*#tt* Mario 

. 131 |f*, atii#!l#^^ 4 #,16 256 

I/O frA/****. -f± CPU If 
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* *€ft#fttf ROM * RAM Mario # 

*MM^RAII At»#«ir^«*. Bif Marion 

*• * RAM "Mario ^(Mmoowmt)-**, 

«±CPU «*»AROM jftRAM ROM J& RAM 

**#± CPU tfffl* Mario *^£«jR«j)c ROM 
ROM #*, Mario $##-#0 Super NES ^Er^J|it^^^ # 

f *#*M**ROM 

133 Jf *, « Mario ^ ftfcfrtfftfcjU:*** 
Mario Mario ***** 

± CPU Mario Stf****^ 135) . £ * 

KSl-tfttf*, Super NES Mario «#63£7t 

135). **-*IR,SaperNESTrK€at*ffiB6^ 
■f H 2 + ft£x# RAM 32 W$ Mario ^^*#fr 

Super NES *p£ Mario 

76 *) Mario ##jE£a£tfft Mario 

* * & ft* (137) . * * , Mario StfftJU*** + * + 
ft* Mario *#*± CPU JJMUI ft * ft** ft*. *#, £ 

± CPU t fttf* (135),#;fe£ «iF Mario 

*ft*£ Mario *#*M + **0|itf 0J#2lIJ£# 
»NMMrt*«^>. # Mario $#&#jtiSfT(137),**&#-f 
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*A RUN Mario «##t#*#»« #it . * 

f CPU 2 2S**** Mirio ^ AROMM 

f;!!!******* 0 " ***-******CPU22 bJ 

f!!: Mario *****-*«»*.♦**#*** 

****** RAM 

* ****** R ° M * Mari ° **** .CPU22 

Mario iM ^ tcpa 
" # **** T ' *** M »<° ********* 

J* *- f f ^1 « 1 * ^ ^ ^ ' + Mario 
ff«t«f«f«*r*«a Super NES «rt#x# RAM 32 tttK 

+ «00 . ffec *«JUMP<#*) 

5tt*$00.010c. ******* $00. IWt 
CPU 22 JUMP Wa $00 , 010X> ^ ™ 

22 WROM10#JR^ aAt#JRROM10> 
SuperNES ft*« RAM 32 + . ttlf RAM ft **«*««+ 
** + **M#ft*M><**# # . ^I£»# 4 ^ Mi 
^ft****JWt. S Mario W?*f|fai, i-JH ROM *** 
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Mario *X#+&*M*±B***ik&m**tll*%llL#'T 

#4*8ft#*, 

*8ft***4ft*. Mario 

KM**, it*a;M**fr**i:t#* B ft* t##*WV* 

«fciT*ifcft#*ftfM!. £+?ttft#Jlftf ** 8U6*24 

ft. 

£*|JU Mario #4*i:ir f ££TffiftH *&2&£#.fT #4 

*. tt**#*£l6ft*## v Tffi#^#*## + 16ft#£ 
ft#^ft#&. 

16ft 

0 - 

1 z ^*^F^ 

2 c a£ft#& 

3 s ^f"^^^? 
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4 v 14 fifc 15 $#]XOR 

Dtt 15 ft 

5 8 ^ff#*i 1 Mario ##i£*T 

0 *jL 

« r <Rl4>ROM*ffc*jE£$ff 

"GO'mCQ. 5m&* m l**$%*yi Mario JE^ft . 
WfcJWo'ttfclMfcfl Mario afrjbiMT 
+ Super NES).##*£* Super NES 

StTiEMff ROM 

* Mario «>H-^S#*i CPU 









8 


altl 


$ JL (ADD-* ADC , SUB—SBC $ - ) 


9 


alt2 


£ J£(ADD-*ADD# , SUB — SUB# 


10 


il 




11 


ih 




12 


b 


Tk% SReg # DReg, # WITH ft£ 


13 




#^ 


14 






15 


irq 





£*P±### ALTl#*lH-,ADD<;&pj£) ADD 
WITH CARRY Ofriftfc*) #4, ff SUB TRACT(#fc) #4 
SUBTRACT WITH CARRY<# #4. 

ALT1 



37 



ALT2 ADD ADD WITH IMME- 

DIATE DATA (A±*ftft***>.*« SUBTRACT 
SUBTRACT IMMEDIATE DATA (**±fP*fc>. 
.* ***#*tt*ir*|B ft. ALT 3 *fett-8 *efc 9 . 

#*S*"l»fc¥.# 10 11 ft*tt± Vft**± 

##M 15 Mario *tf * Mario + 

fc± Mario &#<ft# 16 +j» S 4A *P 4B-4MP *#fc-76 

9! 16 ft**#«.ik**4SF#*#:ft*€it^*## 

fl*H±CPU $#*P&ffl#.fTg#. * * Mario ##£*/S*fc 







r0 


ft* ft D Reg ft S Reg 


rl 


PLOT ft X 


r2 


PLOT Mr Y 


r3 


* 


r4 




r5 




r6 


FRMULT ft LMULT 


r7 


MERGE (£#)#4tf#*l 


r8 


MERGE(^#)^4^^«2 


r9 
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=' • no - - - - ...... 

r11 ******* 

rl5 • - ^tfiHKfcf **** 

***** - 
8JPCBANK 

S # ROMBANK « * *ft pnw JL 

^tf*#ROM ^1»K4(F##64K * 

8 ftRAMBANK -- fijfcfcdB daw ^ ^ 
8#NBP 

8^SCS - JMlX***, 

256,320,512,640,1024,1280 

* . ^*****~***< CMODE + 
CMO^^ 

CMODE 

CMODE # 0 
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0=1 *#fc#ft#fc**f=o 

£ 256 3=0 tit 

#0. 0=1 fP^^^f^o 

# 256 3=1 N't 

&*> $W&#&ON=0 
SWfc^fcOFF =1 

CMODE #1 - 

#(xpos XOR ypos AND 1)=0 
#(xpos XOR ypos AND 1) = 1 

£256 
CMODE -fit 2 

* 16 256 #£#5$J1 CMODE ft 3 

COLOUR ^#ite###4M***ir*£ 

**** f 

CMODE #3 
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COLOUR 



ibt rO,$CO 
colour 
ibt 

cmode, 
ibt 

colour 
plot 
ibt 

colour 
plot 



ibt 

cmode 
ibt 

colour 
plot 



r0,%0000 
rO, $ 97 



rO, $30 



r0,%0001 
rO, $40 



stop 

il6 2 



i *$6$Co 

if 0 



» #&#£$7 



#$o 

* =0) 
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rO, $CO 



ibt 
colour 

>bt rO,$CO 
colour 
ibt 

cmode 
ibt 

colour 
plot 
ibt 

colour 
plot 



t *#£$C0 



ibt 

cmode 
ibt 

colour 
plot 

stop 



r0,%1000 
rO, $47 



rO, $50 



r0,%1001 
rO, $60 



» «#&$C0 
i*#3 



$co 

f =0) 

i 3 l 



» #&#£$C0 



rO, $C0 

colour 
ibt 



r0,^H00 



» £#£$C0 
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cmode 
ibt 

colour 

plot 

ibt 

colour 
plot 



r0,$74 



rO t $03 



ibt 

cmode 
ibt 

colour 
plot 

stop 



r0,%1101 



rO $08 



$C0 

f=0) 

»*#3,#2#i#l 



i #&#£$C0 
i<$9H4*;ft) 



Mario «^t#4l^#ft^tt4r^«. *f_bfcfjff£9| 

ft. *&##*##R0fc£#£-#i*#*#r£ 
ft B ^##R0^^T^^ALU 6^JR^ 

<FRMULT)^**imi*#-f<LMULT) 

R7 # R8 ^ ^##4. **** ft* 

#£(gpf#&R7>R8) 

ft*. ^#JE#ft#*^i«f^R0M*4iba«**<^»li* 
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Rll * R13 M jfU£H*ft*&ffft. Rii M 

#*&tftt#***6HH*. ****iM#J»*4#ftRl3 + . 
**4##R14 JUROM 

#RH tlf*f|»«ftft«ib-*t. £**t#*t, *»*TW 

*4 A GET * f*4£*J| J&*ft* A READ 

B*J:*t tt"£te4##(0ther Registers)", 
#.frftg# ROM fc«*JH 24 ^Jfeifctfr^ih. ^ih*tt ^ 

ROM ##K*##<ROMBA*«)4MI«**fc, Kjt* 
Mario ROM 10 + &&* ff* 

*-tt**»*»#<t*f ##R14 * #16# ROM JfcibJ:. 
RAM ##K*#.#(RAMBANK> ftjfc&ft Kjfc * Mario 

RAM Mario ft» 

ft 4 ill * B , *T # RAM *P ROM Mario 

ft ROM ft RAM #*#4-*iM . 

&fr plot fc*#4tf, 

J*®£ifcf##SCB#ftRAM + Aft*fc:!ifc. 
2,4 <8 4fc*ff. 34, f #*SCSM««JR# • 

TW*liB ft Mario «^«4m%9!*4AlrJ»«^4E^#> 
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STOP Mario ft 

"GO*****. BBHE;*£ + *Hfr*a±cPU. 

CACHE *+jflK*£**fl Jf Mario RAM 
t#A*RAM#,ff^^a^ROM.#,ff CACHE^B^, ig 

i***##ifi*ft. 

Mario *^**-^««^jt###4 f 

Mario BP 5/ */ & (to/with/ 

from), it A trft#^»M«*4 ***&*. flfrTO**** T 

-#4*^e^«^##(DReg).«FR0M w Hr^T-^4^^« 

SReg *> DReg RO. 

SReg *P DReg RO. # Dreg **** Rl50g#Tf-# 

Isr irO=rO 1 ft 

to r4 

Isr >r4=r0 1 ft 

from r4 

lsr »r0=r4 1ft 
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altl 

from r6 
to r5 

add r7 ir5=r6+r7+i|# 
altl 

with r3 

add r3 ir3=r3+r3+ (6502 rbl) 

«M0VE»<**)#4-#, TO#4*£tt4#&£###£W 
FROM^Jl!|^^it4« # 

ft ft RAM #*-££fcjtg#£2*#ft. 

LOOP#4ft#,fr#fcftafl*##R12 #R12 
ft****. Jl!lff#fi R13 f J9f*&ft*&##. 

AltUAlt2 *P Alt3 t ±®&fj ft#& ft& 

PLOT ft4#«£f£#*ft**ft X ft Y 

X # Y £#(*P$#& Rl *p R2 ftJfBHfcgJ: 
COLOR #4#T#£ft#£. PLOT**#^**Rl * 

£ft&5*i£#. K*Jft?**#4Ht?ftffiA*~«*fti|J|# 
4. 

# Altl #&#i#HH#&#4###;& READ PIXEL (fc ib 
**>#*<RFIX>. $ii&fT*difc*#4. £#£#ffi#£J:ft 

&&ft*#4RPIX£#±££ii*iE*l#&##, A£#ft 

ft*«mtt***#^tJJf#**lr*-#***«r*4. color 
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GETC ROM * A 0f * * * A # * * * . 

T*tf,HJ#fl 0 t*g£**ft«|*;fc Mario 



$00 



STOP 



£ Mario Stf^jtatfrtf^ik 
65816 IRQ g=0 

*A**«#4t4fc« PC 

PC* 

£fc=rl5, 

DReg=SReg LSRl 
DReg=SReg ROLl 
rl5=rl5+# 



$01 
$02 



NOP 
CACHE 



$03 



LSR 



$04 



ROL 



$ 05 nn 



BRA sbyte 
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$09 



*06nn BGE sbyte ikf*****^ 

... aSK-""-** 

S07nn BLT sbyte ******** 

SOS. n ti^i^^ 9 

$ ° 8nn BEQsbyte 

BNE sbyte #*#-f**£ # * 
BPL sbyte JEJ?!|jE|i£## . 

BMI sbyte A J3!l3£i&## 

BCC sbyte ft 
«Mn» BCS, byte 

#c=l W rlS=rl5+f #^^^f 

BCC sbyte 

# v=0 M rl5=rl5 + ^^-f^^ 



$0a 



$0b 



nn 



nn 



$0c 



nn 



$0e 



nn 



$0f 



nn 



BVC sbyte £ SftjJ^g* 

# v=l * rl5~rl5 + f 
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5> 10- $ If 


TO r0*"rl5 


<tt£)1fcDReg j& rn<T-&#^ 












DReg=rn 


# b, 


MOVE 


rn=SReg 


S> 20- $ Zt 


WITH rO ••• 


(Wit) * DReg # SReg # rn 


' ■- 


rl5 


^ - torn i ft ^ * t t v 

<*#@#*Pb#;£) 




- 


DReg=rn 






SReg=rn 






b=l 


$ 30- $ 3b 


STW(rn) 


& rn * SReg 






RAM [rn] - SReg ( £ %/% £ & 






3+) 






/ W jltiL 1*1* It 1 i# * - - >». » . » L. 


%t altlt 


STB(rn) 


*rnt SReg ftft 












RAM[rn]= SReg.l 


$ 3C: 


LOOP 


ft rl2 1 % rl2O0]i!!l&i&# 






#f(|rl3 t^Jfeit 






rl2=rl2-l 






#rl2<>0, HI rl5=rl3 






(TO/WITH/FROM 


$ 3d 


ALT1 


altl 






altl=l 


$ 3e 


ALT2 


alt2 S# 




- . ... 


alt2=l 


$ 3f 


ALT3 


altl &.alt2 






altl=l 






alt2=l 


$ 40- $ 4b 


LDW(rn) 


)k rn t iB £ JH DReg 






DReg= RAM[rn](^^/^^#) 
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£ altl, 



LDB(rn) 



$4c 



PLOT 



# altl t 

, .$ 4d 

$4e 
#altl, 
$4f 

$ 50- $ 5f 
#altl s 

# alt2 : 

# altl+alt2i 
$ 60- $ 6f 

# altl, 

# alt2 : 

£ altl+alt2» 



RPIX 
SWAP 

COLOUR 

CMODE 

NOT 

ADD r0»»rl5 
ADC 
ADD 
ADC 

SUB r0—rl5 
SBC 
SUB 
CMP 



t )** DReg 
DRcg. h=0 

DReg.l« RAM[rn](^ir^#) 
*rt»rKX,Y)«t MWrl 

**<N.B. #***rl*,2 4? 

#*Crl,r2) 

rl=rl+l 

DReg= . jft(rl,r2) 

. **** 

DReg. h= SReg. I 
DRcg.l^SReg.h 
ft* PLOT 

SReg 

ft* PLOT 

-SReg 

DReg = # SReg * BL ( NOT 
SReg) 

DReg=SReg+rn 

DReg=SReg+rn+c 

DReg=SReg-f #n 

DReg=SReg+#n+c 

DReg=SReg-rn 

DReg=Reg-rn-c 

DReg=SReg-#n 

SReg|rn(z,s,c,v) 
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$70 



MERGE 



$71-$7f 
£ altl , : 
$ alt2r 
& altl+~alt2 , 
$80-$8f„ 

# altl I 
£ alt2: 

# altl+alt2: 
$90 

$ 91- $ 94 
$ 95 

$96 



AND rl'«rl5 

BIC 

AND 

>BK£ 

MULT r0— 
rl5 

UMULT 



MULT 

UMULT 

SBK 

LINK1-4 
SEX 

ASR 



# r7 * r8 ft**?-*-** DReg 

■ * .;• . 
PRcg.h«r7.h 
DReg.l=r8.h 

a~bl5 0R b7 > : v ^ ' : 
v=bl4 0Rb6 0Rs 
c— b 13 OR bSOR v 
*=b 12 OR b4 OR c 
DReg=SReg AND ra 
DReg=SReg AND NOT rn 
DReg=SReg AND #ri 
a DReg«SReg AND NOT # n 
DRcg=SReg * Rn(f ft.* % 8X8 

ft) 

DReg = SReg#Rn(^f 8 
X8ft) 

DReg=SReg ^#n(##-f # 8X8 
•ft) 

DReg = SReg* .#n(^f #* ft 8 
X8ft) 

# SReg #J| ft RAM 

4t£B4&g&J|rll 

rll=rl5+l~4 

DReg. [bl5-b7]=SReg. [b7] 
DReg.l=SReg.l 
& 

DReg=SReg ASRl 
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£aiti, 
$97 

$ 98- $ 9d 
if altl, 



$9e 



$9f 



£ altl i 



DIV2 



ROR 



JMP r8»Tl3 
LJMP 



LOB 



FMULT 



LMULT 



&#2(#*A> 
DReg=SReg ASRl 

#DReg«-l |i|DReg=0 
DReg=SReg ROR 1 

(ROM Bank * & SReg) 

rl5-m 

ROM #fcK3p#g = SR 

«*? -. 

E»Reg.h=0 

DReg.l=SReg.t 

******* 

DReg= (SReg * r6). hw(* # f $ 

16X16##&) 

c«(SReg #r6).bl5 

****#*** 

DReg=: (SReg # r6). hw(##-§. # 

^r4'~<SReg « r6). lw 
c=(SReg*r6) .bl5 
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$aO-$afnn 


IBT rO — rIS.sbyte 


TTTT v V ^ mV H 3C 331 






rn ttv 






rn— ^ T» (flf -f> y 


# altl , 






LMS r0"*rl5,bvte 


JUt Mk "f* Abife j& 4fr u, Li 






3f rft £ 3l r« tfa 

J ir* uj rn x 






rn — kam Loyte < < 1 J 


# alt2 1 




v "7^ *Q s 


SMS rO^rlS-hvt* 


rr rn fr 55*3 flylw 


















1 J— rnC^jRSt) 


$bO-$bf r '.. 


FROM rO"Tl5 


v Wi ZJLsvC oKeg— rn 






^P A#T *— f»Tl 

oxvcjj — rn 




MOVES 


UKeg— rn 


... 




KZf 8 fit v T IBS ~ 


$cO 






HIB 


;flc ^ # 








$ cl- $ cf 




UKeg. 1= SReg. h 


OR rl—rl5 


DPftg — cp 0rt op p*» 


# altl i 


XOR 


uiteg — oxveg AUK Kn 


# alt 2 1 


OR 


i^ixcg — oiveg wiv ++n 


# altl+alt2» 


XOR 


uiteg — oKeg 






XOR #n 


$ do- $ de 


INC rO"Tl4 


& rn -& tit 






rn=rn-Hl 






( TO/WITH/FROM 


$df 






GETC 


&ROM ft***^ 
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#alt2. RAMB 

#altl+altl2i ROMB 

$ eO"* $ ee DEC r0«»rl4 

$ef GETB 

#altl, GETBH 



£alt2« GETBL 

#altl + alt2i GETBS 

$ fO- $ ffnnnn LWT r0" ; rl5 ,word 



RAM ftft#ft£## 
ft=SReg 

ROM ftft#ftE*# 
*=SReg 
ft rnifc# 
rn= rn— 1 

( TO/WITH/FROM 

^rom ft *!«£*&* 

DRcg 

DReg = ROM ft*j»& 

*¥. 

>^ROM £>+£* ifc& 
£DReg#ft£1Sr 
DReg= ROM ft3f ft 

**. ^ft£i*^# 

DRcg = ( SReg &. 
$FF) + (byte<<8)(# 
$ WITH) 

Jk ROM ft 4 ft* A 3£ 

5 DReg * ft * * 
DReg= ROM ftJ+ft 

Jfl WITH) 

^ROM ft^+ft, ** 
t #-^^15-^5 DReg 
DReg= ROM ft>+ft 

#±&P££fl] rntrn 
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#altl, LM r0*"rl5»word A******** * 

% rn «f» 

rn«RAMC^*it](^ 
**> 

#alt2, SM rO».rl5,word # rn # J* * tfft £ jfc 

Jx*************, m&mzw 

****A****#*ftft** f KJUHfcgfttt****** 

* J»J # * *& f ^ £ -jc ^ # g ^ ^ ^ ^ 

*Ttf # ALU *x 50 ft* « M ttWj6 # ^ B 6> ^ B 4A 

* m 6 * ALU 50 * X,Y ft Z A ft**, ff* , Mario 
M RO— R15 ^ ALU **. 

ALU50 ft 16ft***/ 152 

ALU50 *«*ft«r-AND-*<|** 154,«OR»**** 156, * 
EXCLUSIVE 0R(# « * 158. 

ALu*4*tft^^B**, 

^A^XBft^JHftft 160 **#!!*** 164. ALU 

so V*ft**ft±******** 

*ft* B 6 #r*# ** 152,154,156 *P 158 **. 

152,** 154,156,158 *4**lB, #ft#!]j 
# 16 ft,6 * 1 "ft '*#*#** 164 **. a* 

*m**4s tiB**4ftz *£*&***. 

**«/**» 152 *7 A X Aft** 16 ft, ****** 
150 «r#4*^**A»ft**ft Y ***ff***4 

ALU50 CPU ** 166. CPU ** 166 j* 
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54,56* 58). «t**fr PLOT t***-»*«,v xu te 

8 RAM 

#*202 *,** Y plot ♦♦h^m 

** X ***Y*## 202,204 4?*^*,^^.** 

****** 216 ****** 218**.#*X*F 

56 



210 

ffl 8A * 200 gfc* W &tf PLOT fc* 

(PLOT)* READ ft*(RPDO*4iM*tir* KAT**tt£« 
1t*. #^£W#200^4e(Ti€ir*«^«f#^**#«i^^. 

*± fe* 200 52 

*>tB BAM*, 200 *4bMl***#* 

210 AND n 201 fe* 200 

210 8 

200 ^J*#*&###T*##£fc&206 «rtfA'9«RAM. 

fc* 200 PLOT t*tt«« 

* 200 READ RPK ft [51 * j£M 

£lfel&200 i££>fc RAM RAM DONE, t&H 

RAM #*.*J:Jjf jfc, RAM jMtt*Sffl*&#jg*4£ 
& 206 #tt*Vtt4fc*Vtf-ft*208 £Jf . %&&M&2Q0i£g'k 
^**fcHs«*218*MrPLEQflr^ f **9!4&KB£§#*ft« 
& 206 ^^^^fURAM, ^W^Wfift^^it^^^fel^^^ 
JC*. 200 S*tt+*#*g|!JI 200 tb 

4* 200 f*k&%&&W 206 ttftft&'&tt*:!** 

&£^#£ft£$#^DUMP(#>£ffl7;fPffl8B-ft##). 

# 200 % *PkHQ.&**#*nt*1[* CLRPND*p£«#** 

* #&g<N#f LDPND 210. £ 

4, £^*200 / t ^^^^ffl8BT«,W^^^^^#7C#^^LD- 
PDC^BPR 
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ftjt^*#**#**4**A« #4*3*#PLOT*4tt 

♦**»#A*#*ttlUI 200 ft plot -ArttA*/^**** 

<*#*>#* LDPND.LDPND flr* **JHfc**f #* 210 ffi 
U A* 212 210 t . 

CLRPND &*M RAM £ft RAM % 

jfttf*RAMDONE iff 

Sac tJ9f^^**W*#^«#2oo#i«H:«firt, *#4 

52 *pTM#X#. 200 
52 ****". *f ffl4A 54 ftft**|U| 8X8* 

££$£#206 ***ff. #£fc&206 #tfgtffi#?J*di. ^ 
54 ft ft* * COLOR **X*T. &ttJS& PLOT 44# 

*&*-2Q2 +ft3#ft1fc#*##£tt. 

210 ft#**^«r 16 4* 

210 200 
tt#-^LDPND ffi*£$##tij#* CLRPND *»• 

*;tft**fMU*AJl 8X8 #££$206 ft*ft|ftjfrP 

*<L*#-Hljl.i8-ft*iNJ8#-f#*x*##202 + 
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X t## 202 ft* ft 3 ft£ 8 

210 +.4Hf*xftftft**^ft««8-^**a^ f *t^ft^n 

ftftjtftftft..ft e,^A&& 206 ftftft&*fciB J* RAM 6(tf 

Ram 206 ft^ g drftftftftHftftft. 

**53RAM ft^ftfcft****, #£fc&206 ft*tA«- 

l***#ft*Mtf flftftfttfcltaoe 

-MtT|l«ft»206ftftftft9ftRAM<*RAM8ft** 

»7 tft*ftn, J********?******^ 

X .Y RAM *&.£ftft*fttf gJUftftTff ftlb fta 

#*ft*ttftft*frft. *£*#*!(# JMMI ft£ 4,16 *£ 256 
ftA*A*M^W. #&&ftfl*mh#£## 256 #£;$-£ft. 
£1:256 16 Stft 4 ft, 

^^Mftitftftftft^ftftft^f^VEftft^ftJIJ:^* 

±ft. ftftft* Super NES##ft#fttf, *#ftftft*$ft. 
-«*<128*ft*ftft*ft> 

0 16 32 

1 17 33 

2 18 24 



15 31 47 

Super NES 256 ftftftfttftft±Ml|# 

ftftft DMA #*tfffl ftft*. fl^p Mario 128 *P 160 >t* 

ft*ftftj|®J:#&. **JrM£*32**ftft256 >Mfcft. 

T^^#^#ftilLn^^ft^|ftftftftftftftftft||* 
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ft* 

0 #10000000 

1 %oioooooo 



7 



%00000001 



*. *»*»-***#*, im m ™* 

*M£ #*?**##*#** 

4 * 16 
16 32 

256 6 4 

16 20 

4 256 320 *? 

16 512*? 640 *? 

256 1024 *? 1280*? 

«*#*AJ:-* W ± 1 *?** ± 15 *?. t ^ 
«T***ft*iMJMt. 
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Ida Colour 
asl a 
tax 

*TkSLft*W o * i 

Ida maskl tab, x 
sta maskl 

Ida mask2 tab, x 
sta mask 2 
rts 

i fcw#jH*#*Ji y # z 

Ida plot xl 

asl a 

tay »Y£X£##2 

Ida plot yl 

asl a 

tax >X;|Yjfc#*2 
Ida pyoftab, x 
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clc 

adc pxoftab, y 
clc 

adc drawmap 
tax 

iY£ft*#X£#»2 



lda.l 


bitmapbase »x 




and 


pbittabn,y 

• 




sta 


pmask 




Ida 


maskl 




and 


pbittab »y 




ora 


pmask 




sta. 1 


bitmapbase ,x 








lda.l 


bitmapbase + 16 >x 




and 


pbittabn,y 




sta - 


pmask 




Ida 


mask2 




and 


pbittab ,y 




ora 


pmask 




sta. 1 


bitmapbase + 16 ,x 




rts 










pbittab 
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rept32 

* - mum-col 

d ":r: s :,r "-• ,w °- •-»■ — 

endr 
pbittabn 

re Pt32 mum-col 
endr 

*■ ***** **m.t**mt o m is) 

- maskl tab 

dw $0000, $00ff, $(for\ *~ 

$ffff $ ° 00, $ °° ff ' $ff00 > 

dw $0000, $00ff, $ffon */«r 

$tfff $ ° 0, $ °° ff ' $ff00 ' 

mask2 tab 

dw $0000. $0000, $0000, $0000, $00ff, $00ff, $00ff, 

*w M*. $ffoo, $ ff0 o, $ff0 o, $ „ f $ffff , $m 

col-size equ. Number.char_rows . 8 . Number_bit_planes 
(16) (4) 

pxoftab 
temp=0 
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rcpt32 i*m* 

dW tCmP ' temp ' tem P» *"P. temp, tcmp.temp.temp 

temp=temp+coksi«e 

endr 

pyoftab 

temp=0 

rept 32 

dw temp 

dw temp +2 
dw temp + 4 
dw temp +6 
dw temp +8 
dw temp-f-10 
dw temp+12 
dw temp'+H 

temp = temp +32 
endr 

* Y PLOT-X Y *#* 202 * 204<** 

f * 202 ****** 3 X «t Y * 

» X 202 *****ftjf***» ft** 206 

##*X*## 202 * 0.,UAjlitt*»8 ft*****. 
«##*X *## 202 * 0.3 * S 8 



******** 210 
210 « RAM * RAM 

****** 210 ARAM U* 

*f f ! ***<,< ft*ft##« a 6 ft* 

* *t ^- PENDING *** * 0.«tf ftjfff ^ , 

*#**«#**«*#• zie'. *** 

BIT-PENDING 210 tft**^*. # BIT-PENDING 

##« 210 BUSY 

• «W#lB**l£** PLOT-ADDR N 

BIT-PENDING *** 210 + BUSY 

*. 

* BIT-PENDING 210 fc* FFh Ml*«ff #'« 3 

ARAM ttPLOT-ADDR+J^g^ajp^ 

* # ft *f» & PLOT-BUFF t . 

£BIT_PEND*## 2 10 ##fcfc*U&ft*#*#£#£# 

PLOT-COLOR 0 ff. *H&$fr#* 5 
#f 4 

# PLOT-COLOR 0 # ^ AJU * BIT-PEND- 
ING ****** PLOT-BUFF #ft«W***j 
©HI RAM ft PLOT-ADDR 
#f 5 
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BII#(PLOT_ADDR+l)*P#,fT PLOT-COLOR # 

# # 8 3ft 256 # * , *(PLOT_ADDR+16)±#,^ R ft 
PLOT-COLOR 2 . 

X *P#& Y *##ttl*£*ffl 7 * 

*B 7 M^r«B + ^iP#FA^iP#HA ft 

#ff£&+2*y[0.2]+ 
<y[3. . 7]+x[3. . 7] » 16+(x[3. . 7] » 4) 
&&scr_ ht) 

y7 y6 y5 y4 y3 
x7 x6 x5 x4 x3 0 0 
x7 x6 x5 x4 x3 0 0 0 0 



px9 px8 px7 px6 px5 px4 px3 px2 pxl pxO 
& tiff* A 6 *±fr#*M ^^^H^i-lO^^tlSJ^^px 
CO.. 9]. 

#*Btf- lK&#J:tijlB&iHlt »cr [9.. 22 
***MilJJ«*J>f*#«r 4,16 * 256 
JJM«fc*ft#**A*tt 1 JSL2 #4 
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214. 

R2 MlXMlYIIIMMftt, Bff**ifcff**. 

218 tffjr* fe* 214 Vft dJ *#*«#«* 

^W****A*«RAM. 216 
ifc###fe* 214 '4£fc*# 218 tt/"£aiJf#* 

&*#200 4)JMHr*PLEQ. 

206,JhSj £11* 206.&ft*ttiB ft. 

^®it*#208 ^^^^206^e(^^^ fiJ1f -.^ # ^ 
®itM;208> RAM 88 *£* RAM RAM 

&&206 ft->Mg|** + *64>Hfc*4x. MS4#*+**4N-. 

200 ***&tjflr* LDPIX &J)JSt#& 220,fttt«#*£ 
****fc*#*54ft*ftft#COL. &£*J&200 
* DUMP «R|«|E* 206 * ft*-*** &«A*t#f»lB 
^ff.-fi^fcDUMPflr*. 220 t«tllt» 

H **226^^* ; 228. £ DUMP ********* H *J» 226, 
H**lj*ft#^«4SF#228.H^ f n 224 *««JIjh*S« 

##228 MrH##fli|4|rii«H*ftt*#tttrjjf#«^|t#. 

^n.222 *t«#AiLDRAMir^#^»**. M«f X 

T. * * RAMD #Aft*fc*A#&itn fe* 226 

228. 228 * ft*#H£ A » 9 7 Bttf& RAM 

*J RAM ft§4«, X ,Y ft*#*ff 
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£ B 9 f i* iff * ft * RAM * * # 88 /* ^ * * # * # A + 
RAM Cs) ***RAM Super N£S ^ 

*M*»RAIf ft***. *****KAM 

B 10 * 310 **4*ff ft. 

RAM 88 * RAM *££#£ RAMD *# 

RAM t-ib JU«f 0 ft* z &&±. 

RAM itiw#88i4a#-i6ftt**##3oo,*A#4#« 

£*ftfo RAM 2f Aft*£. £$*#*## 300 ****** ft 
St****. 302 **^^# 60 

J****** RAM *###. 
RAM 88 20 *Jfc*£ 308. £ 

» 308 fe* 310 ** 310 * 

BrPk«lft**TkCACK, *&$lttDACK, 4#**iHPACK# 
**#*fr*>.*#*Hfc*L#A. A & Super NES JfcttA* HA 
**ttflr**#*#*#308 ft*, Mario " ******** 
***#<»#**flrf*4#312MRAMJk4hA*. 
* RAN iH^^^i^ RAM «***j|r-9- RFSH ft#£ 3 10 # 
310 Mario RAM ##&.RAN *D RFSH fr* 

-*6U**B io +J5f*«rf **flr*. 

308 l*tt£*#ft#f #* 306'ft*Jfc 
&*A.#fc#ft#*;£& 306 ftft****** 60 *f/fc£*4* 
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******** «T SJIjJ 

*"F ffl 9 t , * RAM M „ ^ 



CACK til ****** PACK - **#*»**. ***** 

CACK.DACK-** PACK lU*^* SNES )JW 

#/=4S RAM #4t4ft RAMA ^ffl ! +»RAM 6 

J A fr^f KA3.**tt«««* CAS * 

****** WE «AWf«« ram 6<RAM 8 

^iir* oo,w - *********** 

RAM *«,«*« #i4 RAM ttt««#* 
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■> > • 

* - ■» • 

> f • • 

C**iB)*ftft«#.tf* DATLAT . RAM ****ft*-i!Mft 

RAM RAMDLIN AH* Mario fc*. %ti$*2t±& 

312 * * RAM A * ******* J: ft* -ft £ RAM. 

RAM CAS.RAS * WE. 

^±V*«l|r«B4««||*-««*ll.ft l RAM 

Mario ##ttE»*£d|/B£it. ffl 9A +^iB^^*f 

tt4^*Mtt*JI*1lft. RAM DONE «r-9-M#^B act. 
*********** M+fikAIMHktimxlio 

*.»-io *. 3io £fc**#fc##**A*# 

* CACHE (ft-**ft.4»** CACHERQ.fcfcft # DATRQ 
^**PLTRQ-..*4#A#t#-^* 1 «j».* 4 | F ^|| ## 

325,327,329 *. JMfg&ft* Mario #4* & RAM jfcROM, JQ 
CACHE **ft*CACHERQ**a*a. 

■l°Wt*^**^iEiiff«F*^**(r/ll«t#RAM @ 
iff - & A * t RAM £ ROM ft. $ # CACHE ft * 
CACHERQ CACHE C«**ft#) M * A #-f*ff . 

& * ft * DATARQ tf# # RAM ft £ ^ *> £ 

Iff 200 J* £ft#&ft£i£.f. 

PLTRQ, 

i Mario &#iE£i£fT*0 Mario £ jgg 310 

SUSPEND <t#>#*ftA*-0»**j5Mfc 

Wft>; &4UI*mH» CACHE ft*, ftftft*, *#*ft*ft* 

«## 325,327 #329 CRQ, DRQjb PRQ ft*. n 

331,333 * 335 »«#*A|rn*ttB*«^tt«^#^ ^ 

*flr**±ft**. CACHE ft*1£*;*;fr*fiftft£ 
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CACHE #4, fc^RAM 

** ft *«#*Aft , Mnw 333 * 335 * K*fttftft*ft* 

339 *> 341 A*. 
###337,339,341 * ft A fc, B* SUSPEND 
*Af*n 331,333 *. 335 *<**+n. 3 Mario * 
**« RAM At SUSPEND # 
SUSPEND *A* 1 337,339 ^341 *ftfcjt#, ft« 

337,339 *> 341 * *ft-+6**-«*-*j|a 
ft )**^ft«A#[. n 331,333 * 335 Hi RAM * 
CACHE RWW(*««#»*)«#J| 337 

339 # CACHE * DATA 

A4UI#*rttt*## 341 &7*ikAft. 

ttflr*CACKi.Wfe-*H 10 t«r€«t*HJ: v CACHE 94 (jft 
^>*V***.*BlO+ft«UM*RAM 

^H^^^ftW^flr^DACK^^^H^ff^ 
PACK,G(*jUfc****#4Hft*. 

### 337,339 *341 *ft**£ **n tft 343,$ff « 
NOR n 344 ft^4 RAM 3 45 

**HH*«. ****** ***.RAM MflfB. 

***flr*jU#312/*ffc*DONE <£j#)#**NOR H 
344 337,339,341 £*. DONE flr**fl->fw RA M 

DONE fr* 310 * 

fte.«#^M^|. DONEflr^3||i^*#«|ibA« 
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68 52, U&W RAM 

# Mario *#ft»£f *fl*C# Jb*H M ft RAM gft* 

_«* RAM 88 Super NES jfeft 

21MH« Mario -"Mr** # 

#*t. £jfc#*T Mario *#ft»Y*ft*X*? 2 1 MHz 

&i«&*fc&£;ifetttt Mario ' *#7*A##4^#gJ| 

*» JM-ffl 11 feft^GUR** Mario .MAIWd* 
" >*B 11 * CK 

DIN. **DIN «*¥ftil^^«^Bf#*#CK, 

tft*.** din ck n#^iir-f . 

fcffl 12 ftlM, B 11 DIN Mt*010.fc 

it no, loo, ioi; in .BfflA^^oio. bii «lrffn^«*^ 

£**P ROM gflg. 104 *P RAM SKI* 88 &*&tt*##flT* 

b ii 0r*#%#s *n f a w jtat#^n 

a^^^^ a 0l0 w ^^^^^ a ll0 w |l5^^^*^1t-f DIN. 

HitCK -fi*ft <4*eJM*>,*##B *H E jt^A4t« 

"100*, *n'A**##C*ft*Att* 

"101". 

##*c£bii +#Q A*f***fe*/ iB 4tiB. it a* 

■»#**«• ##£*t:#**n c mwwiii". i 
cK^^^.^iii w i:^x*^flt, h##a *no^^^ 

*011. jfc£ltf#CK#*fc#££nBft##*C£tf, 
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H 13 iB 00 4B ft ROM £*& 104. ROM 

104 **A**«#*rt#400,tT»**iMI##ll*ROM 10 

**M**ram **£*&*T*a#***A*,H-Atfa*£# 

RAM 94. lM***ft*«*Aftftft#RAM 94 ft. 2 

* ift*1Tft-l.f ***#«+-. 

*3*-£*ft 16 **ft. CACHE *ft •** 400 2 

ft. fcfcitafcie*? CACHE ft ft*Tft*f;Jp*$fcfi*& 

# RAM 94 A*4ft#*««*tt*ft 

A***#ft*»**»4Uto+ROM-<RAM *ft#4ft#.fr£|ii 

«l*Hft*, ***H**T. A«ifca#A£i4#ft###S# 

**A 16 at^^a^^^it^^P^. 

*P tt# 400 ft CACHE flr* , t* « B RAM 94 + 

***#^ff *"fifr#4-.H«*iirA-ROM **#*.ft94Mf eat 

# ROM j££ RAM.&ftifc&#;&p$# 400 5&#££#&*T$ ft 

£&&ftitotft£*'ft*ft PC *A**>ftft. 

ROM 104 t ftA****** fe* 400 Sgifc WAIT 

GO ftflflr* , tf]&flMarbftSftB£££Bflrft-f 
WAIT Mario *#*-X#*<«£ff»#*. «&#ft%Tft 
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400 - CODEFEFCH (ft«tt*)«|fft 
*. 13 * ft NOR n 40«.Jt»^ROM ***** 

406ft**# A . 400 A4ft***** 

CODE FETCH, # ^^ p B£££$ 

****** »MM. 0 10 ff* ««« A « # * 

».ROM«StiHt#406«*/=±ROMRDY«##f, 

* R0M ROM t*. *«***n t* 410 *£ 

ROMft#«#^ R OMRDYn##B*t»402#* > « 

.' * A # * ROM DCK ««*|4Nm/>i 

DATAFETCH ******** Rl4 ft#***7****, * 
*X9«*iB EN-RH**. £ ROM **tt*#406 a**-* 
*«*ROM«*»JI|iJ :T ^ #j!fcj|#;!t/:A 
DATAFETCH it-f. 

■ 13 '+ Jf*ft ROM *#«*T«*tA + »ftt-**# 

414 ftftiUJSt^jtROM Jftit. ft*#tt 
,K*#*412*ASuperNK**«£HD *,««,, 

412 414 ft#*#23ttft ROM 8 « 

***tt#RAM *At»lh4 ft********* 

400 St /*= i. ft CACHE LOAD **. J? 4 ft£fc#&* 

ft**^4ft. 
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MRU 404 * ftDATAFETCH 
flT* , ftftft* 414 ft## R14 ftAOfr 

A Super NES ft*. A ft.HD *r« ft* *## g 416 ft A 

*). feft*4lF*gt##4i« *Mr* R14 MWl^H 

******* ***I1 408 , t*fc#*ROM fttftfft* 
406 ^Mt'.lRin 410 /*ft ROM ft*** ROM RDY, £ 
ROM RDY jfcfAROM ftftAft ROM D[7 • 0]ft 

*ft*. 

*k&0 *#** 414 SftftA Super NES ftftAft HA * ft 

ROM ft*. ftftftftftftftjMMu £**A*ft**«ROM»ft 

Super NES rifeifcAft. T*QM"ft*** ft Mario ROM 
£fl *ft 9) Super NES * -*J* ROM *ftAftft£*. 

*#tfft*ftft**LL*****#*>ft 
*tt#ft*Jff*&ttBftfttt*ft*ft*Aftft#**ft* 414 . 
*A**A*£*UMbM±£**ft***iE**ifttt 16 

ft**#£. 

# * ft ft * 422 ftft.ROM ft ft * 104 + A ROM ft * ft ft 
ROM D £ Mario ^6^0 ft* Aft Z ftftftft*. Bft 
404 Aft ft DATAFETCHy*,** * ROM £ tfthft* 406 /* ft ft 
ROM RDY ft#ftft*n 418 ifift ROM ft^#420 ftfrftftftft 
ft. ROM ft* Aft ROM D[7"0]£ft ROM ftftftftifc ROM ft 
>+#420. 

422 ******(***£***** RU ft& 

ft & #$*Tft#£#ft GET B *ft*4ft*)ft****--*A. 
#tfft*fcftiUMM. ROM ftfl* 104 ******* ffi 15A 
+ * * ft Mario * ft** A ft . *tf GET B • 
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Its *" * * *** * 2 ******** M. ri0 M ** 
««# 68 4# -#*«♦* 50«. #i£«** 5 06 w # 

************ r am M<**-Hfta#*R*-f*a 

**«#»505 t»U+#* t || # ._, HWAil#(| 

*4«# RAM 94 t ft. 16 tttf* . 4 A ROM * RAM * JB #4* 

ij if!**** * am94 **- t **- w*#*fr 

Sf **«* RAM 94 C 4T.I M + * 4 * ROM ««• 104 -*» 
f ! 506 #** 

no. BA . 01hita|18>Mft 

■^Vi211i"*** (t * ll#> * 80,1 

ROM *t ROMRDY (* _ ?1 f ,, n t # jw 

506 * 504 44tftfc*±Jtfc 

RAM 94 4* 501 J:** 

500 HAS*ttJfc# PC ft 13'ft* **# 
«• R #*> B 14 506 

i AVm~" 502 ' ****** *#pc ** 

*4t#A*54*»4«#RAM 94 *«■*. « S #502 fl*,* 



*&* = A*#it-ft* pc **. 

: & tfi £ ffl ? O/RANGE * Jl* * * 502 * * ** * di * * 

fe&506 + *-**#* ***********#** 

ram 94 Mr ie 6<*fl**fc#*£fcfc**#* 

#*&*&**£# RAM *&*£***. #i&*#*506 ** 
&***# **** 512, t# 64 + «r— 

NOR IT'514. ********* # * ******* A* * * , 
t*£# DEMtJXW-*lB , *S4****tat-*3*Jft**## 

* *#**'. *A*NOR n 514 **-*A********* 

RAM 94 f **B**A***ft**£B* 

*. 

9 15 *ibB 4A **tb * ALU £*/ #***#*#*B. 

* 09 15 #r*,ALU *«*/ #**** 60 RAM 
94, ROM g$|* 104 ^ RAM 88 ****. it* Mario & 
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RAMg**'88*lb***lbt *********A**^c*« 
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*****-9- CACHE CTL ***1?lUilft***RAM 94** 
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537,539 *541 JfffMM***ft#*** tft, a^^*^*^^ 

<J i,2,»?n ftlgr-f-. 

^«#a£*£fl#&52f ft#4S#&&&fT&*|££551 . 
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». K***#4#f ftft**ff**#*. 

4**9 fe* eo 543, a* a* 

4 ALTl*iALT2**, ft*fl*Jh*f*ft;ig* 
ft#*#4 Tfftt W fti? ft ALTl PRE **fc 
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545 *3 » US A k ALT1 PRE-flT* f fctf* 
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622,#£*|$£&Jfc 16 ^«##t->N*Wl##iB*X A«#iE 

7G 529, t;* XSEL-UO,^W«#JM##535 
*£ft*1l*-XSEL0#li|. ##£535 PCEN 
. *4t4€* fc* 531 533 XSEL1 

&ft*7XSEL-Ul. ALTl PREft*ttJMHfcf?**551 f **# 
529,531 *, #*Ul?*j|^*##4Hf€*76jf 

m fcfc 551 f £M* ,ALT1 PRE 
tf*«U«*%*531 AW* 533 
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Mario «>f j6#. 

Ml aataTCflr* j ^fft^ 

535 it****?** 529 
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NES Jfeit4^*^*^^t^*ftii^#*^* 604 * 606. 

604 # 606 Z * Y Aft****. 

»17^iti*##^76^R*-f B5 4B^*##|$^|^||7 8 tf, 
'•*»*»'**#fc#*U'€*. * jf FROM #4i**S;Jfej*£# 
FROMSET flr* FROMX **# 618, -ft* FROMSET 
*' Y M**#*"**» : **f 6i8. £$**#618 **fc|§t 
■*****>fc^ *##618 *A 

622UM#&# 622 3g»fc**&R0 (fl* 
*#**#>*r«###*Ai--; 

#*#&*622 *9HlA&#ft*&*620 
**620 tft««'«iMbft(9t##R15)^A#^^ MERGE 

**#"AflE*#A.#*#m#620«#*Bl5A + *a«*ff€ 
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#A. 

^»#*»6«Mr^--^IIA^YAAiifrii|r### f 
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A J* # * # &* 616. £ * £ &# 616 ft £ 9 16 * ft £ * £ 
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616 iB fcfj ft 3f 617,£* IB it ff * 4 Y A ft . 

®S|*#*R0-R15 ft*A, ***##*-+**J:liF* 
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ARN. 
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titi Mario *#*tt&fr**;fe 

18 t*lB ***««■, Rl 5 

R15 »**#*#*«^*^4tM»*t*M*(f|*i*# 

* Rl ##ft * X ft* , R2 #ft ft * Y , R 7 

*«, *r*ft 650 **±ff*ij-***t|.g;to 

fcfttft. 

*p;fr« 652 0r*, 

660. W»M$lttMW*»M* 
£tt*ffS*«tb«***Jt, N«ff*i|-ft*««ct54)#ft# 

# &ft * #4 V V A 4$ ft ft * (656) . 

**. %ft m 6(*&## Bir« 654 Kft 

#*F*f-«:#(654)i£###£j5 -^ft*(656). 

#**ttft##-f *. %Zik&±to%x ik#*2*.#**Ui 

X £##£frC660). jfe££##Y HEIGHT (Y *£)**(622), 
«#«7jlr«««^#ftjt^ir##Bir« 650 $^^ff(664),ft 
Yft#**tt#*T-*ilft<665). #Y HEIGHT 

#**Jl5*<666>. 

*#W;*£IS^ Mario Ttfb&m® 

rx =l »#&x#j| 

rxl=3 ilV^ftxftJI 
rxlinc=4 i x ftjfj|jf 

«2=5 ilffft^rftxftJK 
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rdy=7 »##yiW 
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rloop=l 3 , 
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hlines 1 
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rxl 
rx 

rx2 

rlen 
rx 

hlines 3 



9 -fe£,rlen=(rx2>>8) — (rxl>> 
» #rlen<0 J^Jftii hline 



rlcn i 



rxl 
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»rxl + =rxlinc 
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mbne Wines , f J[ rdy £ft 
1 

mine ry » ^Ttf^T-^y 

Mario KTftllfl*** 

tfe*|*P Super NES **J:iff££H 5 *«B*ftft#*##$#:6: 
»*^^#fKt#WJHllt|##fA. J5 4, Super NES 
ft&SuperNES HA?4#d| ftXEQ JfcJtftft*? 

ROM 104 Super NES 

ROM ttll»lW,t^*«t^#^rt**>#^Z ft*, ft 

#£*4f4fr##Rl5 A # Maxio 

— fcfclSl .LIF Super NES ft ROM 104 ^A*#^^ 

fcfcfc Mario *TGO»#&*ft. 

ROM 10 ROM £ tfit##<ffl 13 406). 

44 Super Mario *P##;g#*| ##### t 

X #4»#«rx»4*## Rl 
Wf £ **rloop*Jl!| 4 R13 * # $ . 

#E#***#JM:tf , ttJMMtftttfrT&ff . £ ROM & ' 
$#104 f *ROM£lttf-ft#&j|5 200 

^5&tftt#--&#4 < 'IWTrloop, Wines 2 W A ROM 

#^B4A + #*i*&*##62. **n*tt9A**4ft# 

RAM 94. &ft*T#4 < 'IWTrloop, Wines"tf, £g#it##j£*#. 
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ROM & tfit&# 406 5,*#±*ft#<1**ir>$AAftifc* 
3+ RAM 94, ###£ROM &*#104 *ft# f* 

ROM**^ll,ijtAV«:^**ir^1fc^iri*^#3lf|zA^.^ 
ttMHFihft*. «#*£#R13 #*HUl##Z a*ft*£. £ 

JLMt*#tt fe«**+M**ff 

£&fT#*-FROMRXl'tf, *4ft*ft*ttB#**$* 
+ ft BHfc«FROM Y**##602 (J&ffl 16). 
RX1 (*##R3)*ft*#J: Y &*##t4§M* 16fc"FROM X» 
*##618. £*fT«TORX»#4tf, *+ft***1*0fttt*i| 

+ ftBfc"£# Z**#*600 (J&S 16). 
"HIB w ^^ilit# a FROMX w ^##ft + ^^^^AX * 

*W*Wf*. alu#x A***4^JMz ***ft$irj:#*. 
RX<*##Ri>f T*--***ft*A. 

£#.*T#V"FROM RX2 w tf, *ff *» ±J5f *& fx "FROM 
RXl w t#^ftil#.^HIB w ^4l t lt^^ftm^«X4i#^ 

^*^(^^J-®JPf*ft^^)Ali5#f-^^^^f^t# 
#R0Ofl#**r****t#ft>. 

nU-EN"#4*«SUBRX w #4£*&A*ft**#**£ft 
***ff ft RLEN<12)=R0-Rx. A . 

*t**±-#*. **##*i*. 

R15 f-f R15 jfe±i*#4). £*£.R15 *t#&M&#** £t 
*.fT M INCRLEN*#4g(ft**^*##*il »*#£^#* 
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-+**."L(X)P»#4#?$#R12~R12-1 R12* 
« R15<a#ifft*)£J: 13 ftrt**Jfc*fr##. 

RAM 94 ttfcH*. 
&34LJM00 #*£jfefUft**#RAM 94, 

RKR2<#* X * Y 

tt&fctfSGgfefcfc),*!!! Mario $##J*-*fl 

##$flri3Afi]*#RAM. 
#.ff "WITH RX1 W #"ADD RX1 INCNS4&X 
X &#. ^JTWITH RX2 W *»"ADD RX2 INC w ^*jC*r#^ 
"DECRDY", "BNE Hlines 1 W #*WC RY"#4/II *#£'J 

Ti**#«*%Wm* Mario #^«««ft8^X,Y 

^za^m. M7f&$tetotim& 

LISTING ROTATE « 

i &3F## rmat 1211 . rmat 2133, rmat 2322, ramt3231, / 
rmat0033 + 8 & X.Y.Z 

i BP 127=127/128= &J£ 1 
i -128=-128/128=-1 

i 2 * 8 it^yt 
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